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\S 4. 2
1. 2 , $N_{1},$ $N_{A}^{t}$ .
2 $N_{1}N_{2}$ , $\alpha N1N2$ .
,
\lambda




$dN2= \lambda 2N2dt+\frac{\beta_{2}}{n}\alpha N1N2dt$






, \S \S $2\sim 3$ , $N_{1}$ , $N_{2}$ , $(\lambda_{1}, \lambda 2j\mu 1, \mu 2)=(+, -, -, +)$
, $\epsilon_{i},$ $\gamma i>0$









2. $\lambda_{i},$ $\mu_{i}$ ,
$\lambda_{i}$ : ( ) (coefficients of growth)
$l^{l}i$ : (incremental coefficients of encounter)
. , (26) .




$[ \lambda_{2}\frac{d}{dt}\log N_{11}-\lambda\frac{d}{dt}\log N_{2}=\lambda_{2}\mu_{1}N2-\lambda_{1}\mu_{2}N_{1}$
$. \cdot\cdot\mu_{2}\frac{dN_{1}}{dt}+\lambda_{2}\frac{d}{dl}\log N_{\rfloor}=\mu\uparrow 1^{\frac{d\Lambda_{2}^{\Gamma}}{dt}+\lambda_{1}\frac{d}{dt}\log N_{2}}$
,
$\mu_{2}N_{1}+\lambda_{2}\log N_{1}=\mathrm{c}\mathrm{o}\mathrm{l}\iota \mathrm{s}\mathrm{t}$ . $+\mu_{1}N_{2}+\lambda_{1}\log N_{2}$
. $\cdot$ . $N_{1}^{\lambda_{2}}e^{\mu_{2}N_{1}}=C/N_{2}^{\lambda_{1}}e^{\mu_{1}N\cdot\underline{?}}$ $(C>0)$ (27)
, $C$ .
, \S 2 , 2
$\Gamma_{1}$ : $x^{\mathrm{Y}}=N_{1}^{\lambda_{\underline{\nabla}}}e^{\mu_{\sim}N_{1}}.’,$ $\Gamma_{2}$ : $x=CN_{2}^{\lambda_{1}}e^{\mu_{1}N_{9}}\sim$ $(C>0)$
, Nl $N_{2}-$ .
4. $x=CN^{\lambda}e^{\mu N}(C>0)$ $\lambda,$ $\mu$ 4 ( 8\sim 11).
, $\lambda,$ $\mu$ , 2 ($\Gamma_{1}$ , F2) . $N_{1},$ $N_{2}$ $\mathrm{E}^{1}$
10 .
$(\mathrm{I},\mathrm{I})\backslash$. $(\mathrm{I},\mathrm{I}\mathrm{I})$ . $(\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I}_{J}^{\backslash },$ $(\mathrm{I},\mathrm{I}\mathrm{V})$
$(\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I})$ , $(\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I})$, $\langle \mathrm{I}\mathrm{I},\mathrm{I}\mathrm{V})$
(IIIJII), $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{V})$
$(\mathrm{I}\mathrm{V},\mathrm{I}\mathrm{V})$
5. , $(\mathrm{I},\mathrm{I})$ (27) $C$ $\frac{1}{C}$ ,
$\lambda_{i\backslash \prime}\mu_{i}$
( $N_{1},$ $N_{2}$ ), $(\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I})$ .
,
$(\mathrm{I},\mathrm{I})\sim(\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}),$
$(\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I})\sim(\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{V}),$ $(\mathrm{I},\mathrm{I}\mathrm{V})\sim$ ( $\mathrm{I}\mathrm{I}$ ,III), (III, $\mathrm{I}\mathrm{I}\mathrm{I}$) $\sim(\mathrm{I}\mathrm{V}_{?}\mathrm{I}\mathrm{V})$
, ,
(L1), $(\mathrm{I},\mathrm{I}\mathrm{I}\},$ $(\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I}),$ $(\mathrm{I}_{\mathit{3}}\mathrm{I}\mathrm{V}),$ $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I}),$ $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{V})$
6 ( 12\sim 16).
(IIIJV) \S 2 , , .
, , $(\mathrm{I},\mathrm{I}),$ $(\mathrm{I}\mathrm{I},\mathrm{I}),$ $\cdots$ .
84
8: I. $(\lambda, \mu)=(+, +)$ 9: $\mathrm{I}\mathrm{I}$ . $(\lambda, \mu)=(-, -)$
10: III. $(\lambda, \mu)=(+)-)$ 11: $\mathrm{I}\mathrm{V}$ . $(\lambda_{i}\mu)=(-, +)$
:
$f(N)=N^{\lambda}e^{\mu N}\lambda$
, $f’(N)=(\lambda+\mu N)N^{\lambda-1}e^{\mu N}$ , $\lambda\mu<0$ , $f(N)$
$N=-\overline{\mu}$
( 10,11).
6. , (IIIJII) ,
(i) $\Gamma_{1}$ F2 , 16-1.
(ii) $\Gamma_{1}$ F2 , 16-2.
(iii) F4 F2 , 16-3.




12: $(\mathrm{I}_{:}\mathrm{I})$ 13: $(\mathrm{I}\mathrm{I},\mathrm{I})$
14: $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I})$ 15: $(\mathrm{I}\mathrm{V},\mathrm{I}\}$
, $\lim$ $(N1_{j}N2)arrow(N_{1}^{*}, N_{2}^{*})$ ,
$1 \mathrm{i}_{111}\frac{dN_{2}}{dN_{1}}=\frac{\mu_{2}^{2}\lambda_{1}}{\mu_{1}^{2}\lambda_{2}}\lim\frac{N_{1}-N_{1}^{*}}{N_{2}-N_{2}^{*}}$
$= \frac{\mu_{2}^{2}\lambda_{1}}{\mu_{1}^{2}\lambda_{2}}\lim$ $\frac{dN_{1}}{dN_{2}}$
$(1 \mathrm{i}_{1\mathrm{U}}\frac{dN_{2}}{dN_{1}})^{2}=\frac{\mu_{2}^{2}\lambda_{1}}{\mu_{1}^{2}\lambda_{2}}$ . . Jim $. \frac{dN_{2}}{dN_{1}}=\pm\frac{\mu_{2}}{\mu_{1}}\mathrm{v}\frac{\Gamma}{\lambda_{2}}\lambda_{1}$.




16-1: $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I})$ 16-2: $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I})$
16-3: $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I})$
7. (26) , $\lambda_{1},$ $\lambda_{2},$ $\mu_{1}’.\mu_{2}$ $t$ $t$ ,
. , (26) , .
$\fbox_{\backslash \mathrm{A}}12$ $(\mathrm{I},\mathrm{I})$ $(\lambda_{1}, \mu_{1}, \lambda_{2}, \mu_{2})=(+, +, +, +)$ $Earrow B$
$\fbox_{\mathrm{R}}13$ $(\mathrm{I}\mathrm{I},\mathrm{I})$ $(\lambda_{1}, \mu_{1}, \lambda_{2}, \mu_{2})=(+, +_{\backslash }, -, -)$ $t_{\lrcorner \mathrm{i}}arrow\#\mathrm{i}$
$\fbox_{\aleph^{\backslash }}14$
$(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I})$ $(\lambda_{1}, \mu_{1}, \lambda_{2}, \mu_{2})=(+, +, +, -)$ $Earrow B$
$T\star \mathrm{J}15$ $(\mathrm{I}\mathrm{V},\mathrm{I})$ $(\lambda_{1}, \mu_{1}, \lambda_{2}, \mu_{2})=(+, +, -, +)$ $Earrow \mathrm{i}\in$
$\fbox_{\mathrm{i}\mathrm{X}}$ i6-1 $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I})$ $(\lambda_{1}.\mu_{1}, \lambda_{2_{\rangle}}\mu_{2})=(+)-,$ $+,$ $-)$ 1: $\gamma_{9\mathrm{I}\mathrm{i}}\wedgearrow \mathrm{X}\mathscr{F},$ $2:Rarrow 2\Xi$
$\fbox_{\Re}16- 2$ $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I})$ $(\lambda_{1}, \mu_{1}, \lambda_{2}, \mu_{2})=(+, -, +, -)$ 1: $\text{ }arrow[perp]-,$ $2:-\mathrm{h}arrow-\mathrm{F}$
$\fbox_{\mathrm{B}}16- 3$ $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I})$ $(\lambda 1, \mu 1, \lambda 2, \mu 2)=(+\}-, +, -)$ 1,2: $7_{-\mathrm{I}\mathrm{i}}^{-}arrow B,$ $3,4:\pi_{\mathscr{F}}arrow$ ,
$\fbox_{\alpha}3$







$(N_{1}^{*}, N_{2}^{*}):=(- \frac{\lambda_{2}}{\mu_{2}}.$ , $- \frac{\lambda_{1}}{\mu_{1}})$
, $\lambda_{1}\mu_{1}<0$ $\lambda_{2}\mu_{2}<0$ $((\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I})$ $(\mathrm{I}\mathrm{V},\mathrm{I}\mathrm{I}\mathrm{I})$ )
.





$- \frac{\lambda_{2}\mu_{1}}{\mathrm{O}\mu_{2}}$ ) $(\begin{array}{l}\mathrm{t}\iota Jy\end{array})$
, ,
$\lambda^{2}-\lambda_{1}\lambda_{2}=0$ .
, $(N_{1}^{*}, N_{2}^{*})$ .
8. $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{V})$ $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I})$ .
$(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{V})$ , $(N_{1}^{*}, N_{2}^{*})$ ,
.
$(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I})$ 1,3, $(\mathrm{I}\mathrm{V},\mathrm{I}\mathrm{V})$ 2,4 , $(N_{1}^{*}, N_{2}^{*})$
( $*\}$ , $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I})$ 2.4, $(\mathrm{I}\mathrm{V},\mathrm{I}\mathrm{V})$ 1,3 $(N_{1}^{*}, N_{2}^{*})$ ,
( ). , $(\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I})$ $(\mathrm{I}\mathrm{V},\mathrm{I}\mathrm{V})$ $\mathfrak{l}_{l}$
$\mathrm{a}$ .
( $(*)$ ) 6. ,
linx $\frac{N_{1}-N_{1}^{*}}{N_{2}-N_{2}^{*}}=\pm\frac{\mu_{1}}{\mu_{2}}\sqrt{\frac{\lambda_{2}}{\lambda_{1}}}$
,






. $\cdot$ . $t \sim\frac{1}{\mu_{1}N_{1}^{*}}\log\frac{N_{1}}{N_{1}^{*}-N_{1}}arrow\infty(N_{1}arrow N_{1}^{*})$ .
88
$\lambda_{1},$ $\lambda_{2},$
$\mu_{1}$ , $\mu_{2}$ 0 .
, 2 . ,







9. $N_{1}$ $N_{2}$ , $t$ .
.
(i)




. , $\mu_{1}=\mu 2=1$ ,




























$N_{1}=C_{1}/e^{\lambda_{1}t}$ , $N_{2}= \mathrm{C}_{2}^{\mathrm{Y}}.\exp(\frac{C_{1}\mu_{2}}{\lambda_{1}}e^{\lambda_{1}t})$ $(C/i>0)$
, $(\infty, 0)$ .
\S 5.




$\mathrm{F}$ , - .
2. , 2 .
$\alpha\lambda$ : $N_{1}$
$\beta\lambda$ : $N_{2}$
. , $n_{1},$ $n_{2}$ ,
$\alpha\lambda=\frac{n_{1}(t)}{N_{1}(t)}$ , $\beta\lambda=\frac{n_{2}(t)}{N_{2}(\lrcorner\dagger)}$
, $\theta$ ,
$(n_{2} : N_{2})$ : $(n_{1} : N_{1})= \frac{\beta}{\alpha}=:\theta$
. ,
$n_{1}$ : $n_{2}=\alpha N_{1}$ : $\beta N_{2}$
( , $n_{1}$ : $n_{2}=N_{1}$ : $N_{2}$ $1_{J}\backslash$
. $\alpha,$ $\beta$’ , ).
,











$\alpha\lambda N_{1}dt$ , $\beta\lambda N_{2}dt$












, $\epsilon_{1’ 2}’\llcorner\sigma’$ $\lambda$ , (28) $\lambda$ . ,
. $\lambda$ $\vee c_{1}’$ , (28)
$(\mathrm{I}\mathrm{V},\mathrm{I}\mathrm{I}\mathrm{I})$ $(\mathrm{I}\mathrm{V},\mathrm{I}\mathrm{I})$ . .
$\mathrm{f}\mathrm{f}^{\beta_{\backslash }\doteqdot\fbox_{\{\mathrm{r}}\text{ }f_{\check{}}^{\backslash }\not\in\not\subset \mathrm{p}}\lambda<\frac{\epsilon_{1}}{\equiv-+\mathrm{p}\alpha}(\epsilon_{1}’>0)\text{ }-\cdot$
, (28) $(\mathrm{I}\mathrm{V},\mathrm{I}\mathrm{I}\mathrm{I})$ , \S 2.5 , $T$.
$N_{1}$ ,
$P= \frac{1}{T}f_{0}^{T}\alpha\lambda N_{1}dt$




, ( ) $\lambda$ $\frac{\epsilon_{1}}{\alpha}$ , $P$ ,
$P_{m}= \frac{\epsilon_{1}(\epsilon_{2}+\theta\epsilon_{1})}{\gamma_{2}}$ .




.. $c_{1}= \frac{\epsilon_{2}’}{\gamma_{2}}$ .
$4. \lambda>\frac{\epsilon_{1}}{)\alpha_{}l^{r}}(\epsilon_{1}’.<0)\sigma_{3})\text{ }\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\{[succeq]\not\in\#\backslash \oplus ffl_{l}\wedge\cap \mathfrak{o}\mathrm{B}\check{\eta}$
.
, (28) $(\mathrm{I}\mathrm{V},\mathrm{I}\mathrm{I})$ ’ , \S 4.5 , 14 ,







$N_{1}^{\epsilon_{\underline{9}}’}e^{-\gamma_{\gamma}N_{1}}\sim=Ce^{\gamma_{1}N\underline{\mathrm{o}}}$ $(C$. $>0)$ . (30)
92
2
$\Gamma_{1}$ : $x=N_{1^{\mathcal{E}_{\underline{\acute{\Omega}}}}}e^{-\cdot\gamma_{\underline{9}}N_{1}}$ , $\Gamma_{2}$ : $x=Ce^{\gamma_{1}N\mathrm{o}}arrow$ $(C_{J}>0)$
, $N_{1}N_{2}$- A ( 17,18). 18 , $(c_{1},0)$
.
, $N_{1}=p_{0}$ , $N_{1}=a_{1}$ .
(29) , $N_{1}=p\mathit{0}$ $N_{1}=p$ ,
$t=- \oint_{p0}^{p}\frac{dN_{1}}{\gamma_{1}N_{1}N_{2}}$
. , (30) ,
$\gamma_{1}N_{2}=\epsilon_{2}’(\log\frac{N_{1}}{a_{1}}-\frac{N_{1}-a_{1}}{c_{1}})$
,
$\gamma_{1}N_{2}\sim N_{1}-a_{1}arrow 0(N_{1}arrow a_{1}+0)$ .
\S 4.8 $(*)$ ,
$- \int_{p0}^{a_{1}}\frac{dN_{1}}{\gamma_{1}N_{1}N_{2}}=\infty$ .
, 18 A , $a_{1}$ .
.
$N_{2}\sim N_{1}-a_{1}$ $((N1, N2)arrow(a_{1}+0, +0))$ .
, A $(a_{1},0)$ ( )
.
















I: $\vee\tau_{1}’>0$ , $\lambda<\frac{\acute{\mathrm{c}}1}{\alpha}$ $(\mathrm{I}\mathrm{V},\mathrm{I}\mathrm{I}\mathrm{I})$
$\mathrm{I}\mathrm{I}$ : $\epsilon_{1}’=0$ , $\lambda=\frac{\epsilon_{1}}{\alpha}$




$\frac{\epsilon_{2}^{\prime(1)}}{\gamma_{2}}arrow\frac{\epsilon_{2}^{\prime\langle 2)}}{\gamma_{2}}$ $( \lambdaarrow.\frac{c_{1}}{\alpha}-0)$
, , $\lambda\geq\frac{\epsilon_{1}}{\alpha}$ .
, $\lambda>\frac{\epsilon_{1}}{\alpha}$ . ( $(\mathrm{I}\mathrm{V},\mathrm{I}\mathrm{I}\mathrm{I})$ $(\mathrm{I}\mathrm{V},\mathrm{I}\mathrm{I})$
, . )
.
$\lambda$ ( ), .






$\lambda$ . , $\lambda=\lambda_{0}<\frac{\overline{\mathrm{c}}1}{\alpha}$ .
$\Omega_{\lambda=\lambda_{0}}$
$?\mathscr{F}\text{ }$ ( $\text{ _{}\ovalbox{\tt\small REJECT}}^{=}$ ) , $\Omega_{\lambda=\lambda_{0}}$ $\not\subset \mathrm{i}_{-}\mathrm{h}1$ $\lambda=\lambda_{1}>.\frac{c_{1}}{\alpha}$
. $\Omega_{\lambda=\lambda_{0}}$ $\lambda=\lambda 0$ .
, $\lambda 0$ .
